Phosphorus-containing amino acid-type herbicides (PAAHs) and their metabolites in human plasma and whole blood were extracted with titania and determined by capillary electrophoresis (CE). The recoveries of glyphosate (GLYP), aminomethylphosphonic acid (AMPA), gluphosinate (GLUF), and 3-methylphosphonico-propionic acid (MPPA) from human plasma were 84.6, 76.8, 90.4, and 89.6%, respectively. The recoveries of GLYP, AMPA, GLUF, and MPPA from whole blood were 79.6, 84.4, 36.9, and 31.8%, respectively. The low recoveries of GLUF and MPPA from whole blood were improved by the dilution of whole blood with water to 4-fold.
Introduction
The glyphosate (GLYP)-containing herbicide Roundup ® and the gluphosinate (GLUF)-based herbicide BASTA ® are being widely used as herbicides to kill unwanted grasses and weeds, because these phosphorus-containing amino acid-type herbicides (PAAHs) have much lower toxicity to humans and animals than alkylbipyridylium herbicides, such as paraquat and diquat. Although the toxicity of the PAAHs is relatively low, poisonings by ingestion of glyphosate-containing products are acutely toxic to animals, including humans. In Japan, suicidal and accidental deaths by ingestion of large amounts of PAAHs have been increasing since about 1987. 1,2 Therefore, a simple and rapid extraction method of PAAHs from human biological samples is desired to analyze them.
Since PAAHs and their metabolites, that is, aminomethylphosphonic acid (AMPA) and 3-methylphosphonico-propionic acid (MPPA), are soluble in water, it is difficult to separate and concentrate the PAAHs and their metabolites with solvent extraction. A titanium oxide (titania, TiO2) has recently attracted much attention as a ceramic packing material. 3, 4 Titania is an amphoteric metal oxide and works as an anion-exchanger at acidic pH and as a cation-exchanger at alkaline pH. 5, 6 Titania selectively adsorbs organic phosphates under acidic conditions. 7 In a previous study, we demonstrated that PAAHs in blood sample could be extracted using a titania column Titansphere TM TiO without any deproteinization procedure and could be determined by capillary electrophoresis (CE) with indirect detection. 8 However, this method was needed to use a pump for HPLC to extract PAAHs.
In this study, the solid extraction of PAAHs by titania powder is investigated without using a HPLC pump for easier and faster extraction.
Experimental

Reagents and materials
The structures of the PAAHs and their metabolites used in the study are shown in Fig. 1 . Isopropylamine salt of GLYP, ammonium salt of GLUF and AMPA were purchased from Kanto Chemical Co., Inc. (Tokyo, Japan); MPPA and trifluoroacetic acid (TFA) from Wako Pure Chemical Industries, Ltd. (Osaka, Japan); the basic anion buffer (HPCE, pH 12.0) for CE from Agilent Technologies (Palo Alto, CA, USA). Basta ® herbicide containing 18.5% ammonium salt of GLUF was purchased from Nissan Chemical Industries, Ltd. (Tokyo); RoundUp ® herbicide containing 41.0% isopropylamine salt of GLYP from Monsanto Japan Ltd. (Tokyo); human whole blood from Kohjin Bio Co. Ltd. (Saitama, Japan). Human plasma was prepared by centrifuging the human whole blood. Glycerol, 2-propanol, and titanium(IV) tetraisopropoxide were purchased from Wako Pure Chemical Industries, Ltd. (Japan). GL Chromatodisks (pore size, 0.45 mm) were purchased from GL Sciences Inc. (Tokyo). Water was doubly distilled and further purified with a Milli-Q (Millipore) device. All other chemicals were of analytical reagent grade, and were used without further purification.
Synthesis of titania
Titania was synthesized in a manner similar to that reported by Tani, 5 as follows: in a 2-l beaker were placed 600 g of glycerol, 1000 g of 2-propanol and 6 × 10 -5 M hydrochloric acid, then 40 ml of titanium(IV) tetraisopropoxide was dropped into the stirred solution. The resulting solution was kept standing at room temperature for 3 days. After removal of the precipitate by filtration, the turbid filtrate was kept at room temperature for 7 days. The precipitate was repeatedly centrifuged and washed with water, and finally dried at 100˚C.
CE measurements
The optimization of CE conditions for the determination of PAAHs and their metabolites has already been revealed in our previous study. 7 The indirect UV detection was used in this system, because PAAHs and their metabolites have no absorption in the UV-Vis range. CE was performed on a Hewlett-Packard 3D CE system (Agilent Technologies, Palo Alto, CA, USA) using HP Chem Station software. An untreated fused-silica capillary having a total length of 112.5 cm, an effective length of 104 cm, and an inner diameter of 50 μm was used and conditioned with the basic anion buffer of HPCE (pH 12.0) for 15 min just before use. After a sample solution was loaded by 6 s pressure injection (50 mbar) at the cathode, CE separation was performed at 30.0 kV and 30.0˚C. The sample inlet was maintained negative. Peaks were detected at 275 nm. Calibration curves for PAAHs and their metabolites were prepared in the range of 0.05 -5 mM.
Extraction of PAAHs and their metabolites from whole blood with titania
Titania was mixed with 1 ml of 0.1% TFA in a 1.5 ml microtube with an attached cap for 2 min and the mixture was kept for 5 min. After centrifugation for 2 min, the supernatant was removed. The sample solution (0.5 ml) containing PAAHs and their metabolites and TFA solution (0.5 ml) was added to the microtube. In the cases of human plasma and whole blood, the human plasma or whole blood (0.4 ml), 10 mM PAAHs and their metabolites solution (0.1 ml) and 0.2% TFA solution (0.5 ml) were added to the microtube. The sample was mixed for 2 min and then centrifuged for 2 min. The supernatant was poured off and the residue was analyzed by CE to determine the concentrations of PAAHs and their metabolites. The extraction efficiencies (%E) of PAAHs and their metabolites with the titania were determined from mass balances using the concentration obtained. The titania in the tube was washed with water three times. Then, an ammonia solution was added into the microtube to elute PAAHs and their metabolites from the titania. After mixing and centrifuging for 2 min, the supernatant was removed to an evaporation dish and evaporated to dryness under reduced pressure. The residue was dissolved in 0.5 ml of water containing 5.0 mM sodium sulfate as an internal standard (IS). The resulting solution was filtered through a GL Chromatodisk and then analyzed by CE to determine the recovery efficiencies (%R) of PAAHs and their metabolites from the titania. The concentration of ammonia was changed from 1.4 to 14%. Dilution ratio of human whole blood was changed in the range of 1 -10.
Results and Discussion
Optimization of extraction conditions
An electropherogram of the standard solution of GLYP, AMPA, GLUF, MPPA and IS under the optimum CE condition is shown in Fig. 2 . The calibration curves for GLYP, AMPA, GLUF and MPPA in the aqueous solutions were made by CE to determine their individual concentrations.
The obtainedcalibration curves showed good linearity from 0.1 to 5 mM with correlation coefficients of 0.999 (Fig. 3) . The detection limit for them was about 0.07 mM with a signal-to-noise ratio of 3.
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ANALYTICAL SCIENCES JUNE 2007, VOL. 23 In order to find the optimal extraction condition, we tested the extraction behaviors of PAAHs and their metabolites with the titania under various conditions. The effect of the amount of titania on %E of 1.0 mM target compounds was investigated with 0.01, 0.02, 0.05, 0.1 and 0.2 g. All target compounds were completely extracted above 0.05 g of titania. The effect of the TFA concentration on %E was also investigated using 0.1 g titania in the range of 0.05 -1.0%. The complete extraction was accomplished in this TFA concentration range. Based on these results, 0.1 g titania and 0.1% TFA were used in the following extraction experiments.
Next, the elution behavior of PAAHs and their metabolites from the titania was investigated using the ammonia solution at various concentrations. Figure 4 shows the effect of the ammonia concentration on the elution of GLYP, AMPA, GLUF and MPPA adsorbed onto the titania. The complete elution of GLYP, AMPA, GLUF and MPPA with the ammonium solution was not able to be achieved even in the high ammonia concentration region. However, these relatively high recoveries are enough for us to detect them by CE. More than 83% of all target compounds were recovered with 2.8% ammonia solution. The ammonia concentration of the eluent was thus adjusted to 2.8% in the following experiments.
Reliability of the method
The proposed method was applied to the detection of GLYP, AMPA, GLUF and MPPA in human plasma and whole blood. The plasma-and whole blood-samples were prepared by spiking GLYP, AMPA, GLUF and MPPA into plasma and whole blood, respectively. In the electropherograms for extracts of human plasma and whole blood, no interfering impurity peak for the target compounds appears. The electropherograms for extracts of whole blood in the absence and presence of GLYP, AMPA, GLUF and MPPA are shown in Fig. 2 . The results of the recoveries of GLYP, AMPA, GLUF and MPPA from human plasma and whole blood with the titania are listed in Table 1 . In the case of plasma, the high recoveries of all target compounds were accomplished. On the other hand, in the case of whole blood, the recoveries of GLUF and MPPA were very low, though those of GLYP and AMPA were relatively high. Probably, proteins in whole blood prevent GLUF and MPPA from adsorbing onto titania, causing the low extractions, that is, recoveries of them. The improvement of the recoveries of GLUF and MPPA from whole blood was examined by using the whole blood diluted with water. Figure 5 shows the recoveries of GLYP, AMPA, GLUF and MPPA from whole blood as a function of dilution ratio. In the case of 4-fold dilution, relatively high recoveries for all compounds were obtained.
The extraction of PAAHs with titania from whole blood samples spiked with commercial herbicides (RoundUp ® and Basta ® ) was also carried out. Prior to spiking into whole blood, RoundUp ® and Basta ® were diluted with water to 50-fold and 100-fold, respectively. RoundUp ® and Basta ® diluted were spiked into the whole blood diluted to 4-fold with water. The concentrations of GLYP and GLUF in sample solutions became 2.03 and 2.01 mM, respectively. The recoveries of GLYP and GLUF from whole blood spiked with RoundUp ® and Basta ® were 81.3 ± 3.0 and 90.9 ± 4.4%, respectively. These values of the recovery are good accordance with the ones shown in Fig. 5 . This result suggests that the present method can be applied to the detection of PAAHs from the actual samples.
In conclusion, we demonstrated the extraction with titania and CE detection of PAAHs and their metabolites in human plasma and whole blood in this study. Although complete recoveries of PAAHs from whole blood were not achieved, the proposed 757 ANALYTICAL SCIENCES JUNE 2007, VOL. 23 method was enough to detect them spiked into the whole blood.
In comparison with a Titansphere TM TiO column, the extraction with titania allows us to recover and determine PAAHs and their metabolites from biological samples more rapidly and simply. The present method can be useful for rapid and simple determination of PAAHs and their metabolites in human samples in actual cases of accidental or suicidal ingestion.
